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1. INTRODUCTION {#edm257-sec-0005}
===============

Severe hypoglycaemia (SH) is an acute complication of diabetes that can lead to adverse consequences among children including seizures, hospitalizations, potential structural changes in the brain and death.[1](#edm257-bib-0001){ref-type="ref"} In spite of advances in pharmacotherapy (including insulin analogues) and technologies (such as continuous glucose monitoring devices), hypoglycaemia remains common among children with diabetes. Compared to adults, children and adolescents with diabetes are at increased risk of hypoglycaemia events, at least in part due to variable eating patterns, inaccurate insulin dosing, erratic physical activity and difficulty recognizing symptoms of hypoglycaemia.[1](#edm257-bib-0001){ref-type="ref"} Young adults in their early 20s may also be at an increased risk for hypoglycaemia events for similar reasons as children and adolescents.

There is a wide range in reported frequency of hypoglycaemia events. SH is defined by the American Diabetes Association and The Endocrine Society as "an event requiring assistance of another person to actively administer carbohydrates, glucagon, or take other corrective actions".[1](#edm257-bib-0001){ref-type="ref"} However, this definition is somewhat subjective, particularly when discussing care of young children. In recent years, there has been a wide range in reporting SH events among children and adolescents with type 1 diabetes, from 15 SH events per 100 patient‐years[2](#edm257-bib-0002){ref-type="ref"} to 3.6 per 100 patient‐years.[3](#edm257-bib-0003){ref-type="ref"} In a small study of 74 youth with type 1 diabetes, 44% reported at least one SH event in the past year.[4](#edm257-bib-0004){ref-type="ref"} Increased risk of SH among youth with type 1 diabetes has been associated with lower HbA1c, younger age, higher insulin dose, male sex and lower parental socio‐economic status.[5](#edm257-bib-0005){ref-type="ref"} However, there are few studies that have focused on adolescents or young adults.

There is mixed evidence on whether the incidence of hypoglycaemia is decreasing. A recent study in Germany and Austria among youth (\<20 years) with type 1 diabetes found a decrease in hypoglycaemia events from 20.1 per 100 patient‐years in 1995 to 3.6 per 100 patient‐years in 2012.[4](#edm257-bib-0004){ref-type="ref"} In contrast, the Danish Registry of Childhood and Adolescent Diabetes (DanDiabKid) Study found no significant change in hypoglycaemia events in those with type 1 diabetes from 1998 to 2009.[2](#edm257-bib-0002){ref-type="ref"} There are no studies reporting the frequency of SH events among youth with type 2 diabetes.

The SEARCH for Diabetes in Youth Cohort Study is one of the few studies of youth‐onset diabetes that includes both type 1 diabetes and type 2 diabetes and collects data on SH events. This presents a unique opportunity to examine and compare the occurrence of SH events in youth with type 1 diabetes and those with type 2 diabetes. We report on the prevalence of SH events in a 6‐month period among youth with either type 1 diabetes or type 2 diabetes and the characteristics of participants who experienced events compared to those who did not.

2. METHODS {#edm257-sec-0006}
==========

2.1. Study population {#edm257-sec-0007}
---------------------

Participants include children and adolescents (\<20 years of age at diabetes diagnosis) identified from a population‐based SEARCH for Diabetes in Youth Registry Study[6](#edm257-bib-0006){ref-type="ref"} between 2002 and 2008 at five US sites (South Carolina; Cincinnati, Ohio and surrounding counties; Seattle, Washington and surrounding counties; Kaiser Permanente Southern California members in seven counties; Colorado and southwestern Native American sites). Participants who had at least 5 years of diabetes duration and were aged ≥10 years were recruited for a follow‐up visit from 2012 to 2015 (mean of 7.9 standard deviation \[SD\] 1.9) years from diabetes diagnosis in the SEARCH for Diabetes in Youth Cohort Study.[7](#edm257-bib-0007){ref-type="ref"} The study was approved by Institutional Review Boards with jurisdiction. Parents and young adults provided consent and adolescents provided assent.

2.2. Outcomes {#edm257-sec-0008}
-------------

Our primary outcomes, SH occurrence and frequency, were determined by self‐report. Participants were asked, "In the past 6 months, have/has (you or your child) had any severe hypoglycaemia, that is, very low blood sugar that required him/her to get help?" Participants who answered "yes" were then asked how many times severe hypoglycaemia occurred, whether they received a glucagon injection, called 911, went to the emergency room or had to stay in the hospital overnight. SH was categorized as zero events vs one or more events in the past 6 months.

2.3. Covariates {#edm257-sec-0009}
---------------

Socio‐demographic characteristics included participant's age at the time of the follow‐up study visit, sex, self‐reported race/ethnicity, highest level of parental education, household income and health insurance status. Self‐reported race/ethnicity was grouped as Hispanic (regardless of race), non‐Hispanic White, non‐Hispanic Black and non‐Hispanic other. Highest level of education by any parent or guardian was categorized as less than high school, high school graduate, some college and college degree or higher. Household income was categorized as \<\$25 000, \$25 000 to \$49 999, \$50 000 to \$74 999, and \$75 000 or higher. Health insurance was categorized as private, Medicare or Medicaid, other, or none.

Clinical measures obtained at the initial visit and follow‐up visit included HbA1c and body mass index (BMI). BMI was categorized based on BMI *z*‐score and percentile for youth \<18 years or by categories for young adults (≥18 years and older) as follows: obesity ≥95th percentile or \>30 kg/m^2^; overweight 85‐95th percentile or 25‐30 kg/m^2^; and underweight or normal \<85th percentile or \<25 kg/m^2^.

Current diabetes treatment was based on self‐report at the cohort visit. Current insulin regimens were categorized as insulin pump, basal insulin (glargine, detemir or degludec) and rapid‐acting insulin, basal insulin and any other combination (at least one other insulin aside from rapid‐acting insulin), and any insulin ≤2 times a day. Participants were also asked about the use of continuous glucose monitoring (yes or no).

Smoking status was categorized as never, former or current smoker based on self‐report. Being physically active was defined as self‐report of vigorous physical activity (sweating or breathing hard) for at least 20 minutes for at least three out of the past 7 days, dichotomized as yes or no.[8](#edm257-bib-0008){ref-type="ref"}

2.4. Statistical analysis {#edm257-sec-0010}
-------------------------

Analyses were stratified by diabetes type (type 1 or type 2 diabetes) as determined by the health care provider around the time of diagnosis. Analyses were also done by aetiologic type as determined by the presence or absence of diabetes auto‐antibodies and insulin sensitivity score.[9](#edm257-bib-0009){ref-type="ref"} Demographics, behavioural (smoking and physical activity) and clinical (insulin use, BMI, diabetes duration and HbA1c) characteristics were described overall and contrasted by occurrence of a SH event using Wilcoxon two‐sample tests for continuous variables and chi‐square tests for categorical variables. For categorical variables with very small sample sizes, typically variables among the group with type 2 diabetes, Fisher's exact tests were used, since these tests are typically more robust to deviations from underlying assumptions (eg, normality for continuous outcomes and cell counts ≥5 for categorical outcomes.). Prevalence of SH with 95% confidence intervals was obtained using the score confidence interval approach.[10](#edm257-bib-0010){ref-type="ref"} Associations between socio‐demographic and clinical characteristics, including HbA1c and insulin regimen, with SH were tested using logistic regressions, adjusted for age at the follow‐up visit, race/ethnicity and sex.

Results of participants' characteristics by report of SH events are only presented for type 1 diabetes due to small number of youth and young adults with type 2 diabetes who reported any SH events (n = 9).

3. RESULTS {#edm257-sec-0011}
==========

The prevalence of the occurrence of one or more SH events was higher among youth and young adults with type 1 diabetes (7.0%, 95% CI 6.8%‐8.1%) compared to those with type 2 diabetes (2.6%, 95% CI 1.4%‐4.9%; Table [1](#edm257-tbl-0001){ref-type="table"}). Characterizing participants by aetiologic diabetes type[9](#edm257-bib-0009){ref-type="ref"} did not change the results (data not shown). The demographic and clinical characteristics of adolescents and young adults in the SEARCH cohort differ by diabetes type (Table [1](#edm257-tbl-0001){ref-type="table"}). Compared to youth and young adults with type 1 diabetes, those with type 2 diabetes were older at the follow‐up visit (22.3 vs 17.3 years, *P* \< 0.0001), were more likely to be female (63.6% vs 50.4%, *P* \< 0.0001) and less likely to be non‐Hispanic White (22.3% vs 74.7%, *P* \< 0.0001). Few participants with type 1 diabetes reported not having health insurance (3.3%) compared to 20.2% of participants with type 2 diabetes. Participants with type 1 diabetes were more likely to report never smoking (69.4%) and being physically active (57.4%) compared to participants with type 2 diabetes (41.5% and 39.3%, respectively). Participants with type 2 diabetes were almost six times more likely to have obesity both at time of diagnosis and at follow‐up visit compared to participants with type 1 diabetes. Diabetes treatment regimen also differed by diabetes type.

###### 

Characteristics of adolescents and young adults with diabetes in the SEARCH for Diabetes in Youth Cohort Study by diabetes type

  Variables                                                                   All (N = 2740)   Type 1 diabetes (N = 2399)   Type 2 diabetes (n = 341)   *P*‐value
  --------------------------------------------------------------------------- ---------------- ---------------------------- --------------------------- -----------
  Prevalence of SH event, %                                                   6.5              7.0                          2.6                         \<0.002
  Age at follow‐up visit, mean years (SD)                                     17.9 (4.8)       17.3 (4.7)                   22.3 (3.5)                  \<0.0001
  Female, %                                                                   52.0             50.4                         63.6                        \<0.0001
  Male, %                                                                     48.0             49.6                         36.4                        
  Race/Ethnicity, %                                                                                                                                     
  Hispanic                                                                    13.5             12.0                         23.8                        \<0.0001
  Non‐Hispanic Black                                                          15.0             10.9                         44.0                        
  Non‐Hispanic White                                                          68.1             74.7                         22.3                        
  Non‐Hispanic other                                                          3.4              2.5                          10.0                        
  Highest parental education, %                                                                                                                         
  \<High school                                                               5.0              3.8                          13.5                        \<0.0001
  High school graduate                                                        14.6             11.7                         35.6                        
  Some college or higher                                                      32.7             32.8                         32.2                        
  College graduate or higher                                                  47.7             51.7                         18.7                        
  Health insurance, %                                                                                                                                   
  None                                                                        5.3              3.3                          20.2                        \<0.0001
  Other                                                                       5.3              5.1                          6.8                         
  Medicare/Medicaid                                                           23.4             21.4                         38.2                        
  Private                                                                     66.0             70.2                         34.8                        
  Smoking status, %                                                                                                                                     
  Never                                                                       65.8             69.4                         41.5                        \<0.0001
  Former                                                                      19.3             17.9                         27.9                        
  Current                                                                     15.0             12.6                         30.6                        
  Physical activity[a](#edm257-note-0003){ref-type="fn"},%                                                                                              
  Yes                                                                         55.0             57.4                         39.3                        \<0.0001
  No                                                                          45.0             42.6                         60.7                        
  Age at diagnosis, mean years (SD)                                           9.8 (4.5)        9.2 (4.3)                    14.1 (2.6)                  \<0.0001
  Duration of diabetes, mean years (SD)                                       8.0 (2.0)        8.0 (1.9)                    8.1 (2.1)                   0.43
  Insulin sensitivity score at time of diagnosis, mean (SD)                   10.1 (4.0)       10.9 (3.4)                   4.5 (2.6)                   \<0.0001
  Insulin sensitivity score at follow‐up visit, mean (SD)                     6.5 (2.9)        7.0 (2.7)                    3.4 (2.0)                   \<0.0001
  BMI category at time of diagnosis[b](#edm257-note-0004){ref-type="fn"}, %                                                                             
  Normal or underweight                                                       58.9             66.7                         5.3                         \<0.0001
  Overweight                                                                  18.4             19.5                         10.6                        
  Obesity                                                                     22.7             13.8                         84.1                        
  BMI category at follow‐up visit[b](#edm257-note-0004){ref-type="fn"}, %                                                                               
  Normal or underweight                                                       54.5             61.0                         9.6                         0.0001
  Overweight                                                                  24.2             25.3                         16.8                        
  Obesity                                                                     21.3             13.7                         73.6                        
  HbA1c at time of diagnosis, mean % (SD)                                     7.6 (1.6)        7.7 (1.5)                    7.1 (2.0)                   \<0.0001
  Mean mmol/mol                                                               60               61                           54                          
  HbA1c at follow‐up visit, mean % (SD)                                       9.1 (2.0)        9.1 (1.9)                    9.0 (3.0)                   0.07
  Mean mmol/mol                                                               76               76                           75                          
  Use of oral hypoglycaemia medication, %                                     10.7             3.9                          78.8                        \<0.001
  Use of sulfonylurea, %                                                      7.6              0.5                          7.6                         \<0.001
  Use of GLP‐1 analogues                                                      0.5              0.23                         2.3                         \<0.001
  Use of insulin[c](#edm257-note-0005){ref-type="fn"}, %                      95.8             98.7                         66.8                        \<0.001
  Use of continuous glucose monitors (CGM), %                                 19.3             18.3                         28.7                        0.0001
  Insulin regimen[d](#edm257-note-0006){ref-type="fn"}, %                                                                                               
  Pump                                                                        52.6             55.6                         7.1                         \<0.0001
  Basal insulin +short/rapid insulin (three or more times per day)            18.7             19.3                         10.3                        
  Basal insulin +any other combination                                        17.0             16.4                         25.6                        
  Any insulin injection regimen excluding basal insulin                       11.7             8.8                          57.1                        

BMI, body mass index; SD, standard deviation; SH, severe hypoglycaemia.

Physical activity defined as self‐report of vigorous physical activity (sweating or breathing hard) for at least 20 min for at least three out of the past 7 d.

BMI category based on BMI z‐score and CDC growth charts for youth \<18 y old. Normal or underweight defined as BMI z‐score \<85th percentile or BMI \<25 kg/m^2^; overweight defined as BMI z‐score 85‐\<95th percentile or BMI ≥25 and \<30 kg/m^2^; obesity defined as BMI z‐score ≥95th percentile or BMI ≥30 kg/m^2^.

Insulin use may be in combination with oral diabetes medications.

Among participants who report insulin use (type 1 diabetes n = 2368; type 2 diabetes n = 161).

John Wiley & Sons, Ltd

Figure [1](#edm257-fig-0001){ref-type="fig"} presents the number of hypoglycaemia events, hospital stays, emergency room visits and paramedic calls among those with type 1 or type 2 diabetes who reported at least one SH event. The mean number of events was similar for participants with type 1 vs type 2 diabetes (*P* = 0.89). Among individuals with type 1 diabetes who reported any SH event, the number of events reported in the past 6 months ranged from 1 to 72 with a median of 1 and mean of 4.1 (SD 8.1). For type 2 diabetes, the number of events ranged from 1 to 15 with a median of 1 and mean of 3.6 (SD 4.9). In general, few of the reported events required paramedic calls (39.9% for type 1 diabetes, 14.3% for type 2 diabetes, *P*‐value 0.87), emergency room visits (28.4% for type 1 diabetes, 28.6% for type 2 diabetes, *P*‐value 0.84) or hospital stays (8.3% for type 1 diabetes, 0% for type 2 diabetes, *P*‐value 0.34).

![Box plots of (A) number of severe hypoglycaemia (SH) events, (B) paramedic calls, (C) emergency room (ER) visits and (D) hospital stays among those who report SH events in the past 6 mo among children, adolescents and young adults with type 1 and type 2 diabetes in the SEARCH for Diabetes in Youth Cohort Study, 2010‐2015](EDM2-2-e00057-g001){#edm257-fig-0001}

Among participants with type 1 diabetes, those who reported SH events were older both at the follow‐up visit (18.4 years vs 17.2 years, *P*‐value 0.007) and at diagnosis of diabetes (10.0 years vs 9.2 years, *P* = 0.02), and tended to be male (56.6% vs 49.1%, *P*‐value 0.07) compared to participants who did not report SH events (Table [2](#edm257-tbl-0002){ref-type="table"}). The distribution of race/ethnicity, highest parental education and health insurance status was similar for participants who did or did not report SH events. Youth that reported a SH event were more likely to report being physically active compared to those who did not report a SH event (70.3% vs 54.2%, *P*‐value = 0.0003). While there was no significant difference at the time of diagnosis in overweight and obesity status or HbA1c levels between participants who reported SH events and those who did not, there were differences at the follow‐up visit. Participants who reported SH events were more likely to be overweight or have obesity compared to those who reported no events (*P*‐value = 0.03). Participants reporting SH events had lower mean HbA1c values at the follow‐up visit as compared to those who reported no SH event (8.7% vs 9.2%, *P*‐value 0.001). There was no significant difference between the two groups by use of continuous glucose monitoring (CGM) or by insulin regimen.

###### 

Demographic and clinical characteristics by occurrence of serve hypoglycaemia events among youth and young adults with type 1 diabetes in the SEARCH for Diabetes in Youth Cohort Study, 2010‐2015

  Characteristics                                                           0 events (n = 2231)   1 or more events (n = 168)   *P*‐value
  ------------------------------------------------------------------------- --------------------- ---------------------------- -----------
  Age at follow‐up visit, mean years (SD)                                   17.2 (4.6)            18.4 (5.4)                   0.007
  Female, %                                                                 50.9                  43.5                         0.07
  Male, %                                                                   49.1                  56.6                         
  Race/ethnicity, %                                                                                                            
  Hispanic                                                                  10.8                  12.5                         0.58
  Non‐Hispanic Black                                                        12.2                  8.9                          
  Non‐Hispanic White                                                        74.5                  76.2                         
  Non‐Hispanic other                                                        2.5                   2.4                          
  Highest parental education, %                                                                                                
  \<High school                                                             3.9                   2.4                          0.82
  High school graduate                                                      11.8                  10.8                         
  Some college or higher                                                    32.7                  34.3                         
  College graduate or higher                                                51.6                  52.4                         
  Health insurance, %                                                                                                          
  None                                                                      1.4                   1.8                          0.52
  Other                                                                     2.2                   3.6                          
  Medicare/Medicaid                                                         17.7                  18.1                         
  Private                                                                   78.8                  76.5                         
  Smoking status, %                                                                                                            
  Never                                                                     66.0                  59.1                         0.28
  Former                                                                    19.2                  22.0                         
  Current                                                                   14.9                  18.2                         
  Physical activity[a](#edm257-note-0008){ref-type="fn"},%                                                                     
  No                                                                        45.8                  29.7                         0.0003
  Yes                                                                       54.2                  70.3                         
  Age at diabetes diagnosis, mean years (SD)                                9.2 (4.3)             10.0 (4.9)                   0.02
  Duration of diabetes, mean years (SD)                                     7.9                   8.3                          0.06
  BMI category at baseline visit[b](#edm257-note-0009){ref-type="fn"}, %                                                       
  Normal or underweight                                                     67.2                  64.1                         0.64
  Overweight                                                                19.3                  20.3                         
  Obesity                                                                   13.5                  15.7                         
  BMI category at follow‐up visit[b](#edm257-note-0009){ref-type="fn"}, %                                                      
  Normal or underweight                                                     61.6                  52.8                         0.03
  Overweight                                                                25.1                  27.0                         
  Obesity                                                                   13.2                  20.1                         
  HbA1c at baseline visit, mean % (SD)                                      7.7 (1.5)             7.9 (1.7)                    0.13
  Mean mmol/mol                                                             61                    63                           
  HbA1c at follow‐up visit, mean % (SD)                                     9.2 (1.9)             8.7 (1.8)                    0.001
  Mean mmol/mol                                                             77                    72                           
  Use of continuous glucose monitors (CGM), %                               18.1                  21.1                         0.35
  Insulin regimen, %                                                                                                           
  Pump                                                                      55.9                  51.2                         0.23
  Basal insulin + short/rapid insulin (three or more times per day)         19.4                  17.3                         
  Basal insulin + any other combination                                     16.2                  19.6                         
  Any insulin injection regimen excluding basal insulin                     8.5                   11.9                         

BMI, body mass index; SD, standard deviation; SH, severe hypoglycaemia.

Physical activity defined as self‐report of vigorous physical activity (sweating or breathing hard) for at least 20 min for at least three out of the past 7 d.

BMI category based on BMI z‐score and CDC growth charts for youth \<18 y old. Normal or underweight defined as BMI z‐score \<85th percentile or BMI \<25 kg/m^2^; overweight defined as BMI z‐score 85‐\<95th percentile or BMI ≥25 and \<30 kg/m^2^; obesity defined as BMI z‐score ≥95th percentile or BMI ≥30 kg/m^2^.

John Wiley & Sons, Ltd

After adjusting for demographic and clinical characteristics, youth and young adults that reported being physically active were significantly more likely to have experienced SH events than those who did not report being physically active (OR 1.87 \[95% CI 1.23, 2.86\]; Table [3](#edm257-tbl-0003){ref-type="table"}). In the adjusted model, each unit increase in HbA1c level was associated with a 16% reduction in the odds of having SH events (OR 0.84 \[95% CI 0.75, 0.94\]). Younger age at follow‐up visit was also associated with a 15% reduction per year of age in the odds of having SH events after adjustments (OR 0.85 \[95% CI 0.77, 0.95\]).

###### 

Odds ratios (95% confidence interval) for occurrence of severe hypoglycaemia events adjusting for demographic and clinical characteristics among youth and young adults with type 1 diabetes, SEARCH for Diabetes in Youth Cohort 2012‐2015

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                                                 Levels                                      Model 1\            Model 2\            Model 3\            Model 4\
                                                                                                        OR (95% CI)         OR (95% CI)         OR (95% CI)         OR (95% CI)
  --------------------------------------------------------- ------------------------------------------- ------------------- ------------------- ------------------- -------------------
  Sex                                                       Male (reference female)                     1.36 (0.96, 1.94)   1.35 (0.95, 1.92)   1.10 (0.75, 1.63)   1.10 (0.75, 1.63)

  Race/ethnicity                                            Non‐Hispanic White (reference all others)   1.10 (0.72, 1.66)   1.30 (0.82, 2.06)   1.18 (0.7, 2.0)     1.18 (0.7, 2.0)

  Age at follow‐up visit (per 1 y increase in age)                                                                          1.04 (1.0, 1.08)    0.85 (0.77, 0.95)   0.85 (0.77, 0.95)

  Age at diabetes diagnosis (per 1 y increase in age)                                                                                           0.97 (0.88, 1.08)   0.99 (0.89, 1.11)

  HbA1c at follow‐up visit (per 1 unit increase in HbA1c)                                                                                       0.85 (0.77, 0.95)   0.84 (0.75, 0.94)

  Physical activity[a](#edm257-note-0014){ref-type="fn"}    Yes (no reference)                                                                                      1.87 (1.23, 2.86)

  Smoking                                                   Past/current (never reference)                                                                          1.18 (0.7, 2.0)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Model 1 includes sex and race.

Model 2: Model 1 covariates plus age at the follow‐up visit and clinic (South Carolina, Colorado, Ohio, Washington, California).

Model 3: Model 2 covariates plus age at diabetes diagnosis and HbA1c at follow‐up visit.

Model 4: Model 3 covariates plus physical activity and smoking status.

Physical activity defined as self‐report of vigorous physical activity (sweating or breathing hard) for at least 20 min for at least three out of the past 7 d.

John Wiley & Sons, Ltd

4. DISCUSSION {#edm257-sec-0012}
=============

Our findings showed that 7 out of 100 youth with type 1 diabetes reported at least one episode of SH event that required assistance in the past 6 months. While SH events were more common among youth with type 1 diabetes compared to those with type 2 diabetes, almost three out of 100 youth with type 2 diabetes also reported SH events over a 6‐month timeframe. Recurrent SH events among youth who reported at least one SH event were common, with an average of four events in 6 months for both groups. Direct comparisons of these results to those from previous studies are not straightforward. In this study, we present prevalence of occurrence of any SH in the past 6 months prior to the follow‐up visit as opposed to calculating number of events per patient year. Given this caveat, it is difficult to know whether our results are in line with recent reports which range from 3.6 to 15 events per 100 patient‐years.[2](#edm257-bib-0002){ref-type="ref"}, [3](#edm257-bib-0003){ref-type="ref"} However, our results are lower than reports from the early 1990s of 44% reporting events in the past year.[4](#edm257-bib-0004){ref-type="ref"}

Studies of hypoglycaemia events among adults report rates of occurrence (per population or patient‐years) or report events based on administrative data from emergency departments or hospitals[11](#edm257-bib-0011){ref-type="ref"}, [12](#edm257-bib-0012){ref-type="ref"} and a few include self‐reports of events.[13](#edm257-bib-0013){ref-type="ref"}, [14](#edm257-bib-0014){ref-type="ref"} The incidence of hypoglycaemia in the emergency department decreased in the US from 2006 to 2011 in adults 45 years and older from 1.3 per 100 to 1.0 per 100 adults.[11](#edm257-bib-0011){ref-type="ref"} The incidence of hypoglycaemia in emergency department visits in the US was 1.4 per 100 adult among adults age 18‐44 with diagnosed diabetes in 2011.[11](#edm257-bib-0011){ref-type="ref"} This is lower than the per cent occurrence we observed for SH events, possibility due to inclusion of an older age group or possibly indicating an underestimate of SH events when only based on ER or hospital admissions. Moreover, this study focused on emergency departments and did not distinguish between type 1 and type 2 diabetes. A recent study based in England found an increase in hospitalizations for hypoglycaemia among individuals with either type 1 or type 2 diabetes from 1998 to 2008.[12](#edm257-bib-0012){ref-type="ref"} Among adults ages 18‐44, the annual incidence in 2013 of hypoglycaemia hospitalizations was 7.7/1000 people with type 1 diabetes and 0.7/1000 people with type 2 diabetes.[12](#edm257-bib-0012){ref-type="ref"} While these studies report incidence of hypoglycaemia captured in ED or hospitalizations, fewer have examined the incidence of hypoglycaemia events that occurred outside these settings. Among adult patients in Minnesota, SH in the past 6 months was reported by 28.3% of adults with type 1 diabetes and 16.9% of adults with type 2 diabetes.[14](#edm257-bib-0014){ref-type="ref"} A study of adults with type 2 diabetes in Turkey that used a similar measure of SH as the SEARCH Study found that 15.5% reported an SH event in the past year.[13](#edm257-bib-0013){ref-type="ref"}

We explored factors associated with increased risk of SH. A previous study of youth with type 1 diabetes found increased risk of SH associated with lower HbA1c, younger age, higher insulin dose, male sex and lower parental socio‐economic status.[5](#edm257-bib-0005){ref-type="ref"} While we found lower HbA1c levels to be associated with SH, we did not find a statistically significant association with insulin regimen, sex or parental education. We also found that participants who reported SH tended to be young adults as opposed to those who did not report SH.

We found a significant association between physical activity and SH. Youth and young adults with type 1 diabetes who reported being physical active were more likely to report occurrence of SH events in the past 6 months. In this study, we do not have any information on the temporal association between specific SH events and physical activity. For example, we do not know whether the SH event occurred due to vigorous physical activity, particularly since the report of physical activity was for the past week. Therefore, we cannot conclude that physical activity led to the SH event. There are many benefits of regular physical activity including lowering HbA1c levels and maintaining a healthy body weight among individuals with diabetes.[15](#edm257-bib-0015){ref-type="ref"}, [16](#edm257-bib-0016){ref-type="ref"} Individuals taking insulin who are physically active may experience hypoglycaemia and may have to monitor glucose levels more closely.[15](#edm257-bib-0015){ref-type="ref"}, [16](#edm257-bib-0016){ref-type="ref"} Youth and young adults who exercise regularly may benefit from additional glycemic and nutritional recommendations and education around these recommendations.[17](#edm257-bib-0017){ref-type="ref"}, [18](#edm257-bib-0018){ref-type="ref"} Some studies suggest hypoglycaemia experienced during physical activity leads to a reduced awareness of future hypoglycaemia events.[19](#edm257-bib-0019){ref-type="ref"} However, we have no information as to what education the individuals in this study have received about their self‐management around exercise, nor do we know whether the SH event was related to exercise.

While we observed an association between individuals being overweight or having obesity and reports of SH, this association was not significant after adjusting for demographic and clinical characteristics. A recent study of adults using insulin with type 1 and type 2 diabetes found that higher BMI was associated with SH among adults with type 1 diabetes but lower BMI was associated with SH events among adults with type 2 diabetes.[20](#edm257-bib-0020){ref-type="ref"} The ACCORD trial of individuals with type 2 diabetes and over 40 years of age also reported a positive association between BMI and risk of SH events.[21](#edm257-bib-0021){ref-type="ref"}

We did not observe any significant association of occurrence of SH events by use of CGM or by insulin regimen. However, this could be due to the small sample size in the group reporting SH events. A recent study among children with type 1 diabetes in Denmark, Iceland, Sweden and Norway found that individuals who reported using insulin pumps experienced lower incidence of SH.[22](#edm257-bib-0022){ref-type="ref"} As new technologies, such as the hybrid closed‐loop[23](#edm257-bib-0023){ref-type="ref"} and CGM become more widely available, we expect that the prevalence of SH will decrease. It will be important to monitor trends in SH by socio‐demographic variables including health insurance, as the uptake of new technologies tends to be faster in individuals with private health insurance. This could result in greater disparities in care and outcomes, including frequency of SH.

We also found no significant association between SH and parental education or health insurance, both markers of socio‐economic status. This is consistent with the findings of a recent systematic review which found that neither health insurance nor education was consistently associated with either an increase or decrease in risk of hypoglycaemia among both children and adults with type 1 diabetes.[24](#edm257-bib-0024){ref-type="ref"}

At the national level, there is increased interest in understanding and preventing hypoglycaemic events among persons with diabetes. The release of the National Action Plan to Prevent Adverse Drug Events in the fall of 2014 (<http://www.health.gov/hai/ade.asp#final>) highlighted hypoglycaemic agents as one of its three initial target areas. The primary adverse event of interest with these agents is hypoglycaemia.[25](#edm257-bib-0025){ref-type="ref"} While the action plan focuses on the risk of hypoglycaemia events and prevention strategies among the older diabetes population, youth with diabetes are also at risk. Furthermore, the prevalence and risk factors associated with hypoglycaemia events is likely to differ by age group.

Few studies have looked at risk factors associated with SH among youth or young adults. Among adults with type 2 diabetes, lower health literacy was associated with self‐report of hypoglycaemia events.[26](#edm257-bib-0026){ref-type="ref"} We do not have a measure of health literacy in SEARCH, and this may be an area for further research. However, we did not observe an association of SH events with parental education. In a study of adults with type 1 or type 2 diabetes in a managed care network, hypoglycaemia events based on emergency department or inpatient diagnoses differed by race/ethnicity with African Americans having higher rates compared to individuals from other racial/ethnic groups.[27](#edm257-bib-0027){ref-type="ref"} We did not observe significant differences by race/ethnicity among individuals with type 1 diabetes in our study. However, we were not able to look at characteristics of youth and young adults with type 2 diabetes due to the small sample size.

The main limitation of this study was the reliance on self‐report of SH events and behavioural characteristics. However, previous studies among type 1 diabetes suggest high accuracy of self‐reported SH events[28](#edm257-bib-0028){ref-type="ref"}, [29](#edm257-bib-0029){ref-type="ref"}; comparing prospectively and retrospectively collected self‐reported SH for a 1‐year period, there was 90% agreement.[29](#edm257-bib-0029){ref-type="ref"} The Diabetes Control and Complications Trail/Epidemiology of Diabetes Interventions and Complications study used similar question to assess SH with good reliability, but with a shorter look‐back window of only 3 months.[28](#edm257-bib-0028){ref-type="ref"} A more accurate method of monitoring SH events would be to use a real‐time reporting method, a shorter look‐back window or medical records to validate the reports of SH. Another limitation of this study is the fact that the cohort was not designed specifically to examine the occurrence of SH events. Therefore, it is possible that the study is underpowered for assessing some specific factors related to SH events. However, we did observe a significant association between HbA1c and severe hypoglycaemia. Further, while this cohort was not designed to be nationally representative, the study participants were derived from a population of youth and adolescents that is similar to the youth population of the United States in terms of age, sex, race/ethnicity, household income and parental education.[7](#edm257-bib-0007){ref-type="ref"}, [30](#edm257-bib-0030){ref-type="ref"}

Severe hypoglycaemia events occur in youth and young adults with both type 1 and type 2 diabetes. This is the first study that we are aware of that includes reports of the occurrence of SH events among adolescents with type 2 diabetes. This study provides some insight into possible associated clinical characteristics, such as lower HbA1c levels and being physically active. Our findings offer insight into the complexity of balancing glucose control and avoidance of SH. Prevention efforts may include increased education/awareness of patients and their caregivers to prevent the occurrence and re‐occurrence of SH.
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